REMARKS 

Favorable reconsideration of this application in view of the amendments and 
remarks to follow and allowance of the claims of the present application is respectfully 
requested. 

In the Office Action dated June 14, 2005, Claims 1-3, 5-12, 14, 21 and 22 are 
rejected under 35 U.S.C. §112, first paragraph, as allegedly failing to comply with the written 
description requirement. More specifically, the Examiner alleges that the amendment to Claims 
1 and 15, filed November 4, 2003, to include "R is a C3-C6 cycloalkyl group, which is 
optionally substituted with a straight or branched C1-C6 alky group", does not find support in the 
original disclosure, and thereby is considered introduction of new matter into the present 
application. 

Applicants submit that the amendment to Claims 1 and 15, filed November 4, 
2003, to include "R is a C3-C6 cycloalkyl group, which is optionally substituted with a straight 
or branched C1-C6 alky group", is an amendment to correct an obvious error that does not 
constitute new matter because one skilled in the art would not only recognize the existence of the 
error in the specification, but also recognize the appropriate correction. 

It is common knowledge in the biomedical field that modern drug discovery 
focuses on the search of the "pharmacophore", i.e., the group of atoms in a compound which are 
responsible for the biologic and pharmacologic action of the compound. In fact, the 
pharmaceutical industry has been routinely utilizing the methodology of structure-activity 
relationship (S AR) for many years to identify chemical structures that could have desirable 
inhibitory effects on specific targets and have low toxicity. SAR is a means by which the effect 
of a compound on an animal can be related to its molecular structure. This type of relationship 
may be assessed by considering a series of individual molecules and making gradual changes to 
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them, noting the effect upon their biological activity of each change. Based on the SAR studies, 
scientists often conclude a drug discovery research project with a general formula for the 
compounds indicating the characteristics of the pharmacophore. Thus, it is understood to one 
skilled in the art that a patent disclosing novel compounds and the medical use thereof provides 
both a general formula that characterizes the pharmacophore and certain preferred examples 
upon which the general formula is based. 

The present invention is directed to novel ureido-pyrazole derivatives showing 
cdk/cyclin kinase inhibitory activity. In the Summary of the Invention section, the specification 
presents the general formula (I) with the definition of R as a C1-C6 alkyl, aryl or arylalkyl group 
that is optionally substituted. However, in the Detailed Description of the Invention section, the 
specification emphasizes that preferred compounds of the present invention of formula (I) are 
those wherein R is a C3-C6 cycloalkyl (lines 24 and 28, page 10). Further, the specification 
recites more than 100 examples of preferred compounds at pages 11-14. Nearly 90 out of these 
examples are compounds of formula (I) wherein R is a C3-C6 cycloalkyl . Since it is well known 
in the art that the general formula in a patent is based upon the preferred examples and thereby 
encompasses them, one skilled in the art, in view of the disclosure in the Detailed Description of 
the Invention section, would readily ascertain that the general formula (I) includes an obvious 
error as it omits certain definitions for R. 

Further, there is a proviso at the end of the definition of formula (I) in the 
Summary of the Invention section and Claim 1 . As you know, the proviso is a commonly used 
drafting method in pharmaceutical patents to further narrow, not to augment, the scope of a 
general formula. The proviso at the end of the definition of formula (I) recites "when n is 0 and 
R2 is hydrogen, R is a C3-C6 cycloalkyl ". However, the definitions of R prior to the proviso do 
not refer to the R group as a C3-C6 cycloalkyl. In view of the proviso and the recitation of R 
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being a C3-C6 cycloalkyl in the Detailed Description of the Invention section, one skilled in the 
art would readily recognize that "C3-C6 cycloalkyl" is the inadvertently omitted definition for R. 

Thus, in view of the disclosure of the present application as a whole, one skilled 
in the art would not only ascertain that the general formula (I) has an obvious error of omission, 
but also recognize that the inadvertent omission is the definition of R as a C3-C6 cycloalkyl. 
Therefore, applicants submit that the amendment to Claims 1 and 15 to include a C3-C6 
cycloalkyl group, is a correction of an obvious error, and thereby does not introduce any new 
matter. 

Claims 1-3 and 5-14 are rejected under 35 U.S.C. §112, first paragraph, as 
allegedly failing to comply with the enablement requirement. More specifically, the Examiner 
alleges that in order to practice the claimed methods of treating cell proliferative disorders, one 
skilled in the art would have to engage in undue experimentation to test which diseases can be 
treated by the compound encompassed in the instant claims, with no assurance of success. 

Applicants submit that the specification contains sufficient information regarding 
the subject matter of the claims as to enable one skilled in the art to make and use the claimed 
methods of treating cell proliferative disorders without undue experimentation. 

The present invention relates to novel ureido-pyrazole derivatives showing 
cdk/cyclin kinase inhibitory activity and the use thereof in treating cell proliferative disorders 
associated with an altered cell dependent kinase activity. The hallmark of cancer cells is the 
uncontrolled and dysregulated proliferation. Since cell-dependent kinases (cdk) are known to 
regulate cell proliferation, the direct inhibition of cdk/cyclin kinase activity can restrict the 
unregulated proliferation of tumor cells. 

The present application not only defines the chemical structures of compounds of 
formula (I), but also provides processes for preparing those compounds with detailed reaction 
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conditions (pages 14-23 and Examples). The specification further delineates pharmacological 
protocols as to the dosage, host, and mode of administration for using compounds of formula (I) 
in the treatment of cell proliferative disorders (pages 23-27). It is notable that the specification 
recites that the compounds of formula (I) are active as cdk/cyclin inhibitors as they gave positive 
results when tested according to the procedure described therein (lines 9-10, page 23) and all 
compounds showing inhibition more than 50% were further analyzed in order to study and define 
the kinetic-profile of inhibitor through Ki calculation (lines 3-4, page 24). In view of such 
detailed description and the high level of the skill in the art, applicants submit that one skilled in 
the art would be able to practice the fiill scope of the present invention without any undue 
experimentation. 

The rejections under 35 U.S.C. §112, first paragraph, have been obviated, 
therefore reconsideration and withdrawal thereof is respectfully requested. 

Thus, in view of the foregoing amendments and remarks, the application is in 
condition for allowance, which action is earnestly solicited. 



Scully, Scott, Murphy & Presser 
400 Garden City Plaza, Suite 300 
Garden City, New York 11530 
516-742-4343. 
PIB/YL:dg 



Respectfully submitted, 




Peter I. Bernstein 
Registration No. 43,497 
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(57) Scope of Patent Claims 

1 . A method for the preparation of a water-insoluble hydrogel that is characterized by the fact 
that, when preparing a hydrogel comprising a high-molecular weight copolymer containing 
hydroxyl groups and carboxylate groups in the molecule, saponification is caused for a 
copolymer consisting of 20-80 mole % of a vinyl ester component and 80-20 mole % of an 
acrylic or methacrylic acid ester component in the presence of an alkaline catalyst and a solvent, 
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under conditions where said copolymer does not dissolve, with the saponification being 50 mole 
% or more of the vinyl ester and 30 mole % or more of the acrylic or methacrylic acid ester. 
2. The method of preparation recorded in Claim 1 that is characterized by the fact that the copolymer consisting of a 
vinyl ester component and an acrylic or methacrylic acid ester component a spherical item obtained by the 
suspension polymerization method. 

Detailed Explanation of the Invention 

The present invention relates to a method of preparation of a hydrogel having an ability to 
absorb a large amount of water. 

In recent years, as the application of hydrophilic polymer materials to the medical 
industry, the food industry or agricultural fields has progressed, water-insoluble and hydrophilic 
or water-absorbing polymeric materials in particular have come to be employed for a variety of 
uses such as separation and refining materials such as the various membranes and carriers for 
liquid chromatography, enzyme supporting materials, cultures for microorganisms or plants, and 
medical materials such as contact lens and covering of sutured places, or for uses involving a 
capacity for water absorption and water retention. 

Among these uses, particularly in the usage fields which make utilize the capacity for 
water absorption and water retention, it is desirable that the polymer materials possess absorb as 
great an amount of water as possible in a short period when they are brought into contact with 
water. 

As methods for the preparation of polymeric materials that take such uses as their 
purpose, such methods as the crosslinking of a water soluble polymer with a crosslinking agent, 
the modifying of a water soluble polymer into a water-insoluble one by partial substitution of the 
hydrophilic groups with hydrophobic ones, and other methods are known of, and up to now there 
have been proposed several materials which are made of natural or synthetic polymer substances, 
such as the crosslinked products of polyethylene oxide, polyvinyl pyrrolidone, sulfonated 
polystyrene, or sodium polyacrylate, cellulose derivatives, and the saponified products of starch- 
acrylonitrile graft copolymers. 

However, except for the saponified products of starch-acrylonitrile graft copolymers, the 
water-absorbing ability of these items is small, and thus they are unsatisfactory as water- 
absorbent materials. In addition, even in the case of the saponified products of starch-acrylonitrile 
graft copolymers, even though various improvements have been added to the process of their 
preparation there are still many problems from the standpoint of practical use, for example, the 
method for preparing them is relatively burdensome, and in the even that they are used in 
hydrated state over a long period of time there is the possibility that the starch component will rot 
and the gel structure will be destroyed. 

As a result of the extensive examination with attention accorded to the status quo 
described above, the present inventors previously discovered the fact that a hydrogel with 
extremely high water absorption could be obtained by drying from a moderately hydrated state 
the water-soluble copolymer salt obtained by saponifying a copolymer containing vinyl ester and 
ethylene unsaturated carboxylic acid or a derivative of this, and they applied for a patent. 
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The characteristic of said previous invention lies in the fact that not only are the above- 
mentioned copolymer saponified products modified into water-insoluble materials without any 
treatment with a crosslinking agent, but also that the copolymers obtained after that quickly swell 
up in water, and they moreover possess a capacity to absorb an extremely large volume of water 
as much as several hundred times their own weight. 

The result of these further improvements concerning the method for preparing the 
hydrogel comprising the above-mentioned copolymer group was that the present inventors 
discovered a method for preparing a water insoluble and moreover highly water absorbent 
hydrogel, not by way of a special gelation (or insolubilization [sic]) process but rather simply 
through a saponification process alone, from a copolymer comprising a vinyl ester and an acrylic 
acid (or methacrylic acid) ester as the starting material. 

In other words, the present invention (1) provides a method of preparation of a spherical 
hydrogel that is characterized by the fact that, when preparing a hydrogel comprising a high- 
molecular weight copolymer containing hydroxyl groups and carboxylate groups in the molecule, 
saponification is caused for a copolymer consisting of 20-80 mole % of a vinyl ester component 
and 80-20 mole % of an acrylic acid (or methacrylic acid) ester component in the presence of an 
alkaline catalyst and a solvent, under conditions where said copolymer does not dissolve, with the 
saponification being 50 mole % or more of the vinyl ester and 30 mole % or more of the acrylic 
acid (or methacrylic acid) ester; and (2) in the method of preparation of a hydrogel in accordance 
with the above-mentioned method, saponification is carried out for the copolymer composed of 
the spherical vinyl ester and acrylic acid (or methacrylic acid) obtained by preparation by 
suspension polymerization. 

As far as the method of the present invention is concerned, not only has the process of 
preparing the hydrogel been simplified, and thus extremely advantageous in the event that it is 
implemented industrially, the hydrogel obtained subsequently possesses the following 
characteristics: superior transparency, no coloration and ordinarily a water absorbing capacity of 
10 times and more of its own weight; it is stable over a long period of time even in a state where 
it has absorbed a 1,000 times as much water [as its own weight]; and its strength is also great. 

Copolymers comprising vinyl ester and acrylic acid (methacrylic acid) ester and the 
methods for preparing these are already well known, and in addition the obtainment of a water 
soluble copolymer by saponification of said copolymer is also well known (for example, 
Kobunshi Kagaku [Polymer Chemistry], volume 7, page 142, 1950). 

However, the preparation of a water insoluble and moreover highly water absorbent 
hydrogel by a method like that of the present invention has not been known. In addition, said 
copolymer saponification product has been known as simply the reformed product of polyvinyl 
alcohol, but its being used for an extremely highly water absorbent [TN: wrong character in the 
text here.] hydrogel that is the purpose of the present invention has not been known up to now. 

It is possible to prepare the copolymer composed of vinyl ester and acrylic acid (or 
methacrylic acid) ester used for the present invention by any of the well-known methods for this. 
In other words, the method is selected as appropriate based on the polymerization mode, for 
example, it is synthesized by radical polymerization employing such polymerization initiating 
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agents as the bar oxide group such as d-f-butyl bar oxide, benzoyl bar oxide, etc., the persulfate 
group like ammonium persulfate, the azo compound group like azobisisobutyronitrile, etc. 
Solution polymerization, emulsion polymerization, suspension polymerization, etc., are applied 
as the polymerization modes, but the suspension polymerization method is employed for the 
purpose of obtaining a spherical hydrogel possessing a particle diameter between 10 \x and 1,000 
p. 

The composition of said copolymer starting material exerts a great influence on the gel 
formability of the hydrogel obtained by means of the present invention and its water absorption 
capacity. In other words, when the acrylic acid (or methacrylic acid) ester component in said 
copolymer is too small not only is the water absorption capacity too small but a water insoluble 
gel cannot be obtained; moreover, when it is on the contrary too great there is a tendency for the 
gel strength in a highly water absorbent state to decline markedly. 

Therefore, it is necessary for the proportion of the acrylic acid (or methacrylic acid) ester 
component in said copolymer that serves as the starting material generally to be within a range of 
20 to 80 mole %. 

Moreover, the preferred range in order to obtain a hydrogel whose water absorption 
capacity and hydrated gel strength are both superior is 30 to 70 mole %. In addition, it is 
preferable that the molecular weight of said copolymer starting material for the purpose of 
obtaining the hydrogel that constitutes the purpose of this invention be comparatively large. If 
this is expressed for the sake of convenience by the limiting viscosity (r|) in a benzene solution at 
30° C, ordinarily [r|] will be 1.5 and above. 

As the vinyl ester used for the preparation of said copolymer starting material, one may 
mention as examples such things as vinyl acetate, vinyl propionate and vinyl stearate, but 
ordinarily it is preferable to use vinyl acetate. Moreover, as the acrylic acid (or methacrylic acid) 
ester, one may mention as examples such things as the methyl, ethyl, n-propyl, iso-propyl, n- 
butyl and t-butyl esters of acrylic acid or methacrylic acid, but methyl acrylate in particular is 
preferred. 

The highly water absorbent hydrogel that is the purpose of the present invention is 
obtained by saponifying the above-mentioned copolymers in the presence of an alkali catalyst 
and a solvent, under conditions in which the copolymers do not dissolve. 

As the solvents used for the saponification reaction, one can mention alcohols and 
alcohol-water mixed liquids. According to the method of the present invention, the above- 
mentioned copolymer starting material is saponified in a state wherein the copolymers swell up in 
these solvents and disperse in them, but even if the degree of saponification is the same the gel 
formability and the water absorption will differ depending on the solvent used. For example, 
when the saponification reaction is performed with a water-alcohol mixed fluid whose 
composition is varied, generally the volume of water absorbed by the hydrogel obtained increases 
as the volume of water in the mixed fluid increases, but if the volume of water exceeds a certain 
proportion it is not possible any more to obtain a gel possessing water insolubility and moreover 
high water absorbance as per the present invention. 
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The amount and composition of the saponification solvent differs somewhat depending on 
the components and composition of the copolymer starting material composed of vinyl ester and 
acrylic acid (or methacrylic acid) ester, but ordinarily the amount of the saponification solvent 
falls within a range of 300 to 10,000 parts by weight to 100 parts by weight of said copolymers, 
and its composition, that is, the mixing proportions of water in the alcohol-water mixed fluid, 
falls within a range of 0.01 to 40 weight percent, and preferably a range of 5 to 30 weight 
percent. 

As the alkali catalyst used for the saponification reaction, the well-known alkali catalysts 
are used, but in particular alkali metal hydroxides such as sodium hydroxide and potassium 
hydroxide are preferable. The saponification usually terminates between 1 and 10 hours in a 
temperature range between 20° C and 80° C, but the following point is particularly important in 
those cases where it is implemented according to the present invention. In other words, as far as 
the method of the present invention is concerned, when saponification is carried out under 
conditions like those described above, it is necessary to maintain the conditions whereby the 
copolymers do not dissolve in the saponification solvent at every stage of the saponification 
reaction. The above-mentioned copolymer starting material is insoluble in water, and on the other 
hand its solubility in alcohol is caused to differ depending on its composition. For example, in the 
case of a vinyl acetate methyl acrylate copolymer, in the event that the methyl acrylate 
component is small it is readily soluble in methanol, and when the methyl acrylate content 
becomes greater it becomes harder to dissolve in methanol. However, even in the latter case the 
solubility increases a good deal by heating. Therefore, when the present invention is 
implemented, it is to start the saponification at a low temperature so that the above-mentioned 
copolymer is not caused to dissolve at the time of the start of the saponification reaction, and then 
raise the temperature after the saponification reaction has progressed for some time and it has 
reached a state where it will not dissolve in the solvent. 

On the other hand, the saponification reaction progresses even if water or a solvent in 
which water is the chief component is used for the saponification solvent, but in this case the 
copolymer dissolves in water as the saponification reaction progresses, and therefore a hydrogel 
like that intended by the present invention cannot be obtained. 

When the present invention is put into effect, there are no particular restrictions on the 
shape of the copolymer starting material before saponification. By using a copolymer starting 
material having a spherical, fibrous, powdered or any other form one might wish in accordance 
with the purpose involved, it is possible to obtain hydrogels having the forms that correspond to 
each of these respectively. However, the embodiment preferred in particular at the time of. 
implementation of the present invention is the method for preparing a spherical hydrogel. 

It is necessary for the hydrogels that constitute the purpose of the present invention to 
include at least a hydroxyl group and a carboxylato group in the molecule. Therefore, the degree 
of saponification may be in range wherein the above-mentioned conditions are satisfied, but in 
order to make it water insoluble and to obtain a hydrogel possessing a high degree of water 
absorbance, for example, in the case of putting into effect the invention with a copolymer 
composed of vinyl acetate and methyl acrylate as the starting material, it is preferable that the 
degree of saponification of the vinyl acetate component of said copolymer be 50 mole % and 
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above, and still more preferably 90 mole % and above, and that of its methyl acrylate component 
be 30 mole % and above, and desirably 70 mole % and above. 

As for the carboxylato group contained in the hydrogel obtained by the method described 
above, the alkali substance used for the saponification reaction catalyst has become a salt forming 
substance, but it is possible to vary its salt form by the well-known methods. For example, a 
hydrogel with an alkali metal salt form can be transformed into an organic amine salt by the ion 
exchange method, and by putting the saponification reaction into effect in the presence of 2 or 
more kinds of alkali substance it is possible to make it into a hydrogel with two or more salt 
forms. As conventional salt forming substances, on may mention such examples as alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide; ammonium hydroxide; mono-, 
di- and tri-methylamine; mono-, di- and tri-ethylamine; mono-, di- and tri-isopropylamine; mono- 
, di- and tri-ethanolamine; mono-, di- and tri-isopropanolamine; N, N-dimethylethanolamine; N, 
N-dimethylisopropanolamine; N, N-diethylethanolamine; N, N-diethylisopropanolamine; N- 
methlethanolamine; N-methylisopropanolamine; N-ethylethanolamine; cyclohexylamine; 
benzylamine; aniline; pyridine; and other organic amines. 

When the hydrogel that constitutes the present invention is made into an alkaline earth 
metal salt form such as magnesium, calcium, etc., its water-absorbing capacity declines 
markedly, and they are not suitable for the purposes as highly water absorbent gels, but in the 
event that they are made into mixed salts with the above-described kinds of salts it is also 
possible to employ multivalent metal salt forming substances. 

The hydrogel constituting the present invention obtained by the method described above 
ordinarily possess as noted at the outset the capacity to absorb 10 times or more its own weight in 
water, but in the event that the water to be absorbed contains another substance, this water 
absorption capacity generally varies depending on the type and the amount of that substance. For 
example, with respect the capacity to absorb water pH differs, it possesses maximum absorption 
capacity for water whose pH is in the area of 8 to 11, and in such a case it can absorb water 500 
times or more its own weight. Moreover, as the pH value deviates from this range the water 
absorption capacity declines, and in particularly the decline of water absorption capacity is 
marked within a pH range of 5 or below. However, the water absorbing capacity recovers 
completely when a hydrogel immersed in an acidic fluid is reimmersed in an alkali fluid. In 
addition, when a salt like NaCl is added to a gel that has absorbed water to a high degree it 
possesses such properties as releasing a large amount of water. In other words, it exhibits the 
reversible change of water absorption - water release depending on the pH and the salt 
concentration of water. 

In this manner, the hydrogel constituting the present invention is employed as a 
particularly optimal water absorbent material in those cases where water whose pH falls in a 
range of 5 to 12 is being absorbed, and the water absorption capacity can be varied by changing 
the composition and components of the copolymer starting material, the degree of saponification, 
and moreover the composition of the saponification solvent. 

In addition, the hydrogel constituting the present invention is not only employed as a 
material that causes only water to be absorbed, but is also useful as an absorbent material for 
other liquids. For example, in the event that the salt form of the copolymer is finally an organic 
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amine salt, it possesses superior absorption capacity even for mixed liquids composed of an 
organic solvent like water-alcohol, water-acetone, and water, and therefore it is also possible to 
obtain a hydrogel that possesses a variety of absorption capacities depending on the selection of 
the salt form of the copolymer. 

The hydrogel constituting the present invention as described above is equipped with the 
following advantages. In other words, first of all the hydrogel is transparent, there is not much 
coloring, and moreover there is almost no toxicity as would be easily inferred from the molecular 
structure that composes them, and therefore it is anticipated that it can be used without obstacles 
in those usage fields involving contact with the human body like various hygienic materials, for 
example disposable diapers, tampons, sanitary cotton, bandages, napkins, etc. Second, there is no 
fear of the gel rotting even when it is used for a long time in a hydrated state, and due to this it is 
optimal for various industrial uses, for example, as a separation agent for the water in oil and as 
other dehydrating agents and drying agents, or as a water retaining agent for plants and soils, or 
for other uses requiring water absorption and water retention. Third, the hydrogel is prepared 
extremely readily industrially, and not only is it particularly optimal in the event that a spherical 
hydrogel is used as a variety of carriers but it can also be molded into a variety of shapes 
depending upon the intended use, for example, after a fibrous or spherical hydrogel is crushing 
the gels in a water absorbent state it can be made into a film shape by the [illegible; one 
character means "flow"] method. 

The present invention will be illustrated in more detail with reference to the following 
working examples, but the present invention is not limited in any way by these. 

The water absorption rate or absorption rate in the working examples is expressed as 
follows: 

Water absorption rate/absorption rate = gel weight after absorption divided by dry 
gel weight 

Working Example 1 

0.5 g of benzoyl peroxide as a polymerization initiator was added to 60 g of vinyl acetate 
and 40 g of methyl aery late, this was dispersed in 300 ml of water containing 3 g of partially 
saponified polyvinyl alcohol as a dispersion stabilizer and 10 g of NaCl, and suspension 
polymerization was carried out at 65° C for 6 hours. The methyl acrylate content of the 
copolymer obtained was 48 mole %, and its limiting viscosity in benzene at 30° C was 2.10 

Next, 8.6 g of the above-mentioned copolymer was suspended in a saponification fluid 
containing 200 g of methanol, 10 g of water and 40 ml of 5N NaOH, the temperature was raised 
to 65° C after the saponification reaction was carried out at 25° C. for 1 hour, and then the 
saponification reaction was carried out for 5 hours. After the saponification reaction concluded, 
the reaction product was thoroughly washed with methanol, after which 6.8 g of a spherical dry 
saponified product with a particle diameter of 20 [i to 200 |i was obtained by drying under 
decompression. 
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The saponification degree of said saponified product was 98.3 mole %, and it possessed 
strong absorption of - COO" at 1,570 cm" 1 in the infrared absorption spectrum. 

The spherical saponified product obtained in this manner was insoluble in water and it 
quickly swelled up in water, and its water absorption rate for de-ionized water was 750 g/g. 

In addition, the transparency was excellent and it moreover possessed superior gel 
strength in a state where 750 g/g of water was absorbed, and in addition it was stable while 
maintaining the spherical gel form over a long period of time in excessive water. 

Working Example 2 

The spherical hydrogel obtained in working example 1 was added to excessive water, 
diluted sulfuric acid was added to it, and the pH was set at 3 and below. The hydrogel at this time 
shrank markedly, and it precipitated after a time. Next, this precipitate was isolated, and after it 
was thoroughly washed with water it was dried under decompression. 

This isolated product maintained its spherical shape, but the absorption of -COO" had 
already disappeared for its infrared absorption spectrum, and instead of this it possessed a strong 
absorption of carbonyl, which suggests the presence of an acid and an ester across 1700 to 1800 
cm' 1 . 

The above-mentioned isolated product was suspended in water, and tri-ethylamine was 
added to it. The product began to swell while maintaining its spherical form unchanged as the 
triethylamine was added. 

After this system was left overnight, with the pH maintained at approximately 10 by 
addition of triethylamine, the excessive water was removed by filtering, and a spherical dried 
hydrogel was obtained once again by causing the gel in a swollen state to shrink by placing it in a 
large quantity of isopropanol and then drying it under decompression. 

Strong absorption of -COO" appeared once again for the infrared absorption spectrum for 
this hydrogel, thereby suggesting that the form is of triethylamine salt. 

The spherical triethylamine salt form hydrogel obtained in this manner is insoluble not 
only in water but also in methanol, water-alcohol mixed fluids, etc., and moreover it possessed 
superior absorption capacity (Table 1). 

Table 1 



Liquid being absorbed 


Absorption 
ability (g/g) 


Water 


400 


Methanol 


95 


Water-methanol mixture (water content 
20%) 


260 


Water-ethanol mixture (water content 20%) 


150 
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Water-isopropanol mixture (water content 


45 


20%) 





Working Example 3 



After an acetone solution of a vinyl acetate/methyl acrylate copolymer, with a limiting 
viscosity at 30° C in benzene of 1.95 and a methyl acrylate component of 51 mole %, was spun, it 
was cut and short fibers 10 mm long and 10 \x(p in diameter were obtained. 

Next, 8.6 g of said short fibers was dispersed in a saponification liquid composed of 200 g 
of methanol, 15 g of water and 40 ml of 5 N NaOH, and after a saponification reaction was 
carried out at 25° C for 1 hour the temperature was raised to 65° C and the saponification reaction 
was carried out for another 5 hours. 

After the saponification reaction concluded, 7.1 g of a fibrous saponified product was 
obtained by thoroughly washing the reaction product with methanol and drying it under 
decompression. 

The saponification degree of said saponified product was 97.5 mole %, and it possessed 
strong absorption of -COO" at 1570 cm" 1 in the infrared absorption spectrum. 

Said fibrous saponified product was insoluble in water and it quickly swelled up in water, 
and the water absorption rate for de-ionized water was 1,100 g/g, it maintained its fibrous gel 
shape in excessive water, and it was stable for a long period of time. 
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Applicant: 
Classification: 
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Inventor: 



Publication date: 



Patent number: 
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Application number: 
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Priority number(s): 



Abstract of JP571 28709 

PURPOSE:To obtain a granular or spherical hydrogel of high water absorption having a sufficient gel strength, by 
the reverse phase water-in-oil type suspension polymerization of an alpha, beta-unsaturated acid (alkali metallic 
s alt) with a specific hydrocarbon oil (fat) as an anti-tack agent. 

CONSTITUTIONS alpha, beta-unsaturated acid (alkali metallic salt) monomer, e.g. (meth)acrylic acid (Na salt) is 
subjected to the reverse phase water- in -oil type suspension polymerization in a medium, e.g., n-hexane, with a 
hydrocarbon oil (fat), e.g. liquid paraffin, cottonseed oil, soybean oil or lard, having a boiling point above the drying 
temperature of the recovery system of a hydrogel, preferably 50 deg.C or more higher than the drying temperature 
and a melting point below the separating operation temperature of the hydrogel from the solvent, preferably 20 
cleg.C or more lower than the separating operation temperature. The anti-tack agent may be added before or 
during the polymerization or at a suitable time after the completion of the polymerization. 
E:FFECT:Special pulverizing treatment is not required, and the method is simple and economical. 
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Abstract of JP6056676 

PURPOSE:To provide a suspension to be injected through a catheter into the blood vessel for occluding specific 
parts. 

CONSTITUTION:This suspension for blood vessel embolization is prepared by suspending a high water-absorbing 
resin particles which are mainly made of a polymer from sodium acrylate or a copolymer from sodium acrylate and 
vinyl alcohol and have an average particle size of less than about 1 .Omm diameter in an oily contrast medium. 
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atheter embolization of iatrogenic vascular lesions of 
: trunk branches v N / ; . H* * *„*/■• 

BasilcX. 'Bouilosa Seoane EL, •Domingucz Viguera L, J-amber- 
to S., Ccrto A.> "Garcia Medina J., *Casal Rivaj M. 
Policlinic Q*Martino> Radiology, Messina, Italy; M XeraUCies Hospi- 
tal Interventional Radiology* Unit*" Mgp. ^'Virgen Jut Harrixaca 
Hospital Interventional Radiology Unit, Murcia;jSj( 

\ .. ■-. v r 7 — 

Purpose : To describe the role of angiographictvaiuation and sel- 
ective transcathercr embolization of iatrogenic lesion of ceiiak 
trunk branches. 

Materials and Metho&VWe treated foe cases of upper gastro- 
intestinal bleeding due w injuries of jmc celiac trunk branches: 
four arterial ruptures (rwo Jfiiparic arteries, one gastroduodenal, 
one pancrcaric-duodcnai) ahd\ lake aneurysm of the gastroduo- 
denal artery. The iatrogenic causes pf, bleeding were hepatic bio- 
. psy (one case), biliary percutaneous transhepatic drainage (one 
case), endoscopic sphinaeronzfmy ftwo cases) arid surgical antrec- 
tomy {one case). M the vascular lesions .were disclosed by abdo- 
minal selective angiography. In all cays, the feeding vessel was 
then cathetertzed by nycrocathctcr ah(i emfx>lized by microcoil 
(0.018"). 

Results : An immediate technical success Vas' obtained.. No com- 
plication related to/the procedure occurredXTranscatheter embo- 
lization of the lesions allowed for a full recovery of (he patients 
confirmed by subsequent follow-up. 
Conclusion ^Splanchnic vessels lesions are a qu\tc rare complica- 
tion of surgical, endoscopic 'and percutaneous procedures, often 
presenting^ life-threatening problem. In such emergency cases, 
the selective abdominal arteriography represents meVective diag- 
nostic/tool, able to disclose the site and, frequently, me cause of 
bleating. Furthermore, angiography may be followed uv transca- 
exer embolization, thus effectively controlling the hemprrh 
ftd obviating the need for a difficult surgical intervention. 
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leter embolization as die definitive treatment for 

hcpatib 

"UlflackerX SelbyJ.B., "Fcrrini R. 
I*/', Medical University of South Carolina, Interventional 
■„>-! % Q}%ptive Disease C enter, Charleston, SC USA 

. p . /Purpose i MassiveJ hemorrhage is a severe complication of liver 
. trauma. Surgery is hVquendy contra-indicated dup^ro comorbidi- 
ties. We present our experience with the percutaneous emboliza- 
tion of hepatic traurr^ 
Materials and Methods iNEightecn patient 12 men), with liver 
injury were treated by embolization. The'oleeding was related to 
pscudoaneurysms of the hepaoc ancrvfHA) in all cases (MVA in 
11, surgery in four, needle biops^n/two and percutaneous biliary 
drainage in one). Hemobilia was indent in seven patients, lacera- 
tion with bleeding in five, and hypotension in six. 
Results : The lesion was in sne right \n« 15), left (n°l), proper 
.. (n*l) and both left and right (n-l) HA.- Embolization used a 
;*' combination of coils and Gelfoam pleqgecs (n*10), Gelfoam 
: alone (n=3), coils alone (n«2), blood clot (h=l)» n-butyi-cyano- 
acrilare (n=l) and occluding balloon catheter (Hfl). Treatment by 
'embolization was/successful in 17 patients, ^here were two 
" " deaths, one due,© uncontrolled bleeding despite embolization an 
one due to multiple organ failure. 
Conclusion: \ Transcathctet embolic therapy is efrcctiVr. for the 
txeatmen/of hepatic traumas. High-risk patients can be treated 
without surgery. Ic is our impression that transcatheter emboliza- 
hould be considered in the first line of treatment for acute 
f severe traumatic hepatic bleeding. 
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phic diagnosis and percutaneous managemenj 
liumW artery injuries 

Sofockous CT, Hinrichs C, Got D„ Contractor D.Q/Caronc 
A., Bahramipour P. 

New JerseyMedical School UMDNJ-Newark Cam i 
Vascular & Interve ntional Newark NJ, USA 

Purpose : To evaluate, angiographic fincUngs^and embolotherapy 
in the managemennof lumbar artery inju 

Materials and MethVdj : J We retrosjiectively, reviewed all the 
cases widi lumbar arterySmjury who Jrave undergone angiography 
and percutaneous embolization wjtnin a ten-year period. Radio- 
logic information and procedural reports were reviewed to assess 
immediate angiographic findura; and embolization results. Long- 
term clinical outcome was obtained by communication with rhe 
trauma physicians as wclLds wiuV^diart review; *. 
Results : Over the !aso6vyear penfcdi 255 trauma patients have 
undergone abdominajraortography. In\cn of these patients (three 
women and seven men) a lumbar arteriaKJnjury was demostrated. 
Eight patients We found to have activocxiravasation and rwo 
had pscudoaneurysms. Successful selectiveSembolization of an 
abnormal vcssel(s) was performed in all paricnte. Coils were used 
in two patients, particles in one, and gelfoam uYseven patients. 
Complications included one retroperitoneal' abscess and one pa- 
tient needed to return for embolization of a diffefceju. lumbar 
artery/flue to pseudoancurysm formation. 
Conclusion ; In hemodynamically stable patients, Selective 
embolization is an effective and safe method to controPactive 
Rtrav&sation, as well as to prevent future, hemorrhage and delay- 
ed complications of lumbar arterial injuries. 
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Embolotherapy of large hepatocellular carcinomas (HCC) 
using a new permanent, spherical embolic material without 
an ti -neoplastic agents 

Hori S., *6suga K., Yamaguchi Y., Eguchi N., Awai K„ Takada IC 
Rinku General Medical Center, Radiology, m Osaka University Medi- 
cal School Radiology, Osaka, Japan 

Purpose i To improve the therapeutic effects on large HCCs and 
the patients' quality of life by cmboltherapy using a permanent, 
spherical embolic material without antineoplastic agents. 
Materials and Methods : Superabsorbent poloymer microsphe- 
res (SAP-MS) are spherical, non-absorbable particles that expand 
twice their original size when mixed with Hexabrix 320. In the 
occlusion point, they further expand by absorbing the serum 
without toxicity or tissue irritability The size of the microspheres 
ranged from 0.050 to 0.100 mm. A total of 14 patients with large 
HCCs (mean diameter: 9.5 cm) was treated by embolization with 
SAP-MS without anti-neoplastic agents or Upiodol. A micro- 
catheter was used in all cases. Embolization was terminated when 
the rumor vascularity or the feeding arteries disappeared 
Results : There were no complications during and after the pro- 
cedure, except for a slight pain and fever which were well con- 
trolled by oral ancipyretics. The patients' quality of life was always 
better than with conventional chemoembolization. Tumor vol- 
ume reduction rate went from 40 to 70% in three months. One- 
and two-year survival rates were 58 and 52%, respectively. 
Conclusion : The therapeutic effects of this procedure for larger 
HCC and survival rates were acceptable. A good post- treatment 
quality of life is of great advantage over conventional chemoem- 
bolization. 
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Embolic Effects of Superabsorbent Polymer Microspheres in Rabbit Renal Model: 
Comparison with Tris-acryl Gelatin Microspheres and Polyvinyl Alcohol 

Azzam A. Khankan,* Keigo Osuga,* Shinichi Hori,*** Eiichi Morii,** 
Takamichi Murakami,* and Hironobu Nakamura* 

Purpose: We have developed a spherical embolic agent, superabsorbent polymer microspheres 
(SAP-MS). The aim of this study was to examine the embolic effects of SAP-MS in comparison 
with polyvinyl alcohol (PVA) particles and tris-acryl gelatin microsphere (Embosphere 
Microsphere; EM) in a rabbit renal model. 

Materials and Methods: The right kidneys of nine rabbits were embolized with the given 
agents: PVA (180-300 ^tm) (n=3), EM (100-300 pm) (n=3), and SAP-MS (106-150 fim) 
(n=3). The embolized kidneys were evaluated by angiography and histology after one week. 
Results: Renal artery occlusion and prominent coagulative necrosis were confirmed regardless 
of agent. PVA aggregated in the proximal vessels with tiny fragments migrating into glomeruli. 
Both EM and SAP-MS traveled distally up to the interlobular artery level, and a single particle 
achieved cross-sectional vessel occlusion. SAP-MS was markedly swollen, deformed, and 
conformed to the vessel lumen compared with the constantly spherical EM. Mild perivascular 
reaction was seen with both microspheres. 

Conclusion: SAP-MS resulted in targeted end-organ infarction in the rabbit renal model and 
showed different mechanical properties from other agents. 

Key words: superabsorbent polymer microsphere, Embosphere Microsphere, polyvinyl alcohol 
particles 



Introduction 

POLYVINYL ALCOHOL (PVA) HAS BEEN THE STANDARD 
particulate embolic agent for transcatheter 
embolization (TAE), and it has been proved to be both 
useful and biologically inert. However, unpredictable 
proximal vessel occlusion and microcatheter blockage 
caused by clumping of irregular-shaped PVA particles 
have been described. 1,2 Recently, the interest in spherical 
agents has grown, to overcome the drawbacks of PVA, 
and different microspheres have been developed. 1 3 7 
Tris-acryl gelatin microspheres have become the most 
popular in clinical use especially for uterine fibroid 
embolization. 8 Because neither tris-acryl gelatin 
microspheres nor standard PVA particles have been 
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approved in Japan, we developed a spherical agent, 
superabsorbent polymer microspheres (SAP -MS), and 
applied it clinically in cases of hypervascular tumors 
and peripheral arteriovenous malformations. 5 * 7 

The purpose of this study was to describe the 
radiologic and histologic characteristics of SAP-MS by 
comparing them with tris-acryl gelatin microspheres and 
PVA particles in a rabbit renal model. 

Materials and Methods 

Embolic agents / 

SAP-MS (sodium acrylate and vinyl alcohol copolymer) 
was compared with PVA (PVA foam; Cook, Blooming- 
ton, IN) as a conventional particulate agent and tris- 
acryl gelatin microspheres (Embosphere Microspheres; 
Biosphere Medical, Rockland, MA) (EM) as a current 
spherical agent. 

PVA is the permanent particulate embolic agent most 
widely used. It is ground from blocks of foam and then 
separated into different sizes to meet specifications. Each 
vial of 1 ml of PVA was diluted in a mixture of 10 ml of 
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50% sodium meglumine ioxaglate 320 mgl/ml 
(Hexabrix320; Tanabe, Osaka, Japan) and 50% saline. 

EM are precisely calibrated, spherical, hydrophilic, 
micro-porous beads made of tris-acryl co-polymer 
coated with gelatin. They are inert translucent spheres 
that have demonstrated biocompatibility. 4 Each vial of 
1 ml EM was diluted with a mixture of 10 ml of 50% 
sodium meglumine ioxaglate 320 mgl/ml and 50% 
saline. 

SAP-MS was developed by Shinichi Hori, 7 and has 
not yet been approved by the Ministry of Health and 
Welfare of Japan or the Food and Drug Administration 
of the United States. It is a non-toxic solid particle of 
spherical shape. The particle size is calibrated in 
approximately 50-micron increments ranging from 53 
to 350 microns (53-106, 106-150, 150-212, 212-250, 
250-300, and 300-350 microns). SAP-MS has the 
properties of absorbing fluids and swelling within several 
minutes. Its diameters in an ionic contrast material, 
sodium meglumine ioxaglate 320 mgl/ml, and human 
serum are approximately 2 and 3.5 times larger than its 
original size in the dry state, respectively. The swollen 
particle, after absorbing fluids, is soft and compressible, 
but it maintains its spherical shape. SAP-MS is 
suspended in sodium meglumine ioxaglate 320 mgl/ml 
at a concentration of 10 mg/ml prior to injection 
according to our previous clinical experience. 5 6 

Embolization techniques and follow-up / 

The study protocol was approved by the Animal 
Experimentation Committee, and the experiments were 
performed according to the Animal Care Guidelines of 
our institution. Nine Japanese white rabbits weighing 
between 2.5 and 3.0 kg (mean 2.7 kg), divided equally 
into three groups, received three embolic agents of 
comparable particle size. Group I rabbits received PVA 
180-300 fim, group II rabbits received EM 100-300 /mi, 
and group III rabbits received SAP-MS 106-150 /xra, 
which is equivalent to approximately 200-300 fim in 
suspension prior to delivery. 

Each rabbit was anesthetized by intramuscular 
injection of ketamine hydrochloride (25 mg/kg, Ketalar 
50; Sankyo Co., Ltd., Tokyo, Japan) and medetomisine 
chloride (0.1 mg/kg, Dormitor; Orion Corp., Espoo, 
Finland). The right femoral artery was surgically 
exposed, and an 1 8 G cannula was inserted with a hemo- 
static valve (Radifocus hemostasis valve II; Terumo, 
Tokyo, Japan) fixed on it. A 2.3 F microcatheter 
(Rapidtransit; Johnson & Johnson, Miami, FL) was 
inserted in the trunk of the right renal artery, and a 
preembolization renal arteriogram was obtained with 
manual injection of 2 ml of Hexabrix320. Each embolic 
agent was injected slowly using a 1 ml Luer-lock syringe 



until renal blood flow cessation under fluoroscopy. 
Immediate postembolization angiograms were obtained 
after 10 minutes. One- week later, follow-up angiogram 
was performed in the same manner, followed by 
dissecting the right kidneys after scarifying the animals 
with an overdose of pentobarbital injected into the 
abdominal aorta. The kidneys were fixed in 10% formal- 
dehyde solution, processed, embedded in paraffin, and 
examined histologically at the median coronal section. 
Hematoxylin-eosin (HE) stain was used as a basic dye 
for cellular components, and elastica-van Gieson (EVG) 
stain was used to outline the arterial elastic fibers by 
light microscopy. The distribution pattern, shape and 
appearance, and associated perivascular reaction of 
each embolic agent were evaluated. In groups II and III, 
10 peripheral occlusion points were randomly selected 
for each kidney section, and the short-axis diameters of 
a total of 30 particles were measured to compare the 
particle size range of EM and SAP -MS in the vessel 
lumen. 

Results 

Angiographic results / 

All embolizations were successfully performed in all 
groups. Injection of PVA particles was associated with 
particle accumulation in the microcatheter-hub in all 
procedures, while both EM and SAP-MS microspheres 
passed easily through the microcatheter without 
clumping. 

All immediate angiograms of group I showed opacifi- 
cation at the renal hilum and homogenous parenchymal 
staining in the periphery of the kidney, representing the 
proximal occlusion level of PVA particles (Fig. 1). On 
the other hand, the angiograms of both groups II and III 
showed faint patchy inhomogeneous parenchymal 
staining immediately after embolization (Fig. 2). 

All one-week follow-up angiograms showed complete 
occlusion of the main renal artery without recanaliza- 
tion or parenchymal visualization regardless of the 
embolic agent. 

Histologic results / 

The histologic findings are summarized in the Table 1 . 

Coagulative necrosis was detected in most parts of 
the renal parenchyma, without significant differences 
between groups. No arterial wall rupture or subsequent 
hemorrhage was caused by the embolic agents in any of 
the groups. 

In group I, the shape of PVA particles was irregular, 
and thrombi formed among particles. Although the 
thrombi were associated with infiltration of inflam- 
matory cells consisting of neutrophils and macrophages, 
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Fig. 1. Selective right renal angiogram of group I before (a), immediately after (b), and one week after (c) embolization with PVA. 
Hilar opacification with renal artery occlusion was seen immediately after embolization (b) and total occlusion of the renal artery 
without nephrogram after one week (c). 




Fig. 2. Selective renal angiography of group III before (a), immediately after (b), and one week after (c) embolization with SAP-MS. 
Patchy inhomogeneous nephrogram was seen immediately after embolization (b) and the renal artery stump after one week (c). 



no inflammatory reaction was observed in the vessel 
wall. The wall structures of vessels appeared to be 
preserved as examined by EVG staining. The renal artery 
was mostly occluded proximally between the main renal 
and segmental arteries, but a few isolated particles were 
seen at the level between the segmental and arcuate 
arteries (Fig. 3). Furthermore, tiny fragments of less than 
100 fim migrated to the portion near or in the glomeruli 
(Fig. 4). 

In group II, EM particles were clearly seen as a round 
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eosinophilic substance with a peripheral basophilic rim 
corresponding to the gelatin coat. In the vessel lumen, 
EM particles constantly maintained their round shape, 
resulting in spaces among particles (Fig. 5). In the renal 
cortex with complete infarction, no perivascular reaction 
was seen around the particles, probably due to an absence 
of reactive activity. In the renal cortex with incomplete 
infarction, mild foreign body reactions to EM particles 
were seen to consist of macrophages predominantly and 
lymphocytes occasionally (Fig. 6). In vessel walls with 

RADIATION MEDICINE 



ORIGINAL ARTICLE 



Table 1. Summary of the histological results 


Group/Embolic agent 


I. PVA 


n. em 


in. SAP-MS 


Size range (ftm) 


180-300 


100-300 


106-150 


Occlusion level 


Main-segmental artery 


Arcuate-interlobular artery 


Arcuate-interlobular artery 


Mean short-axis diameter (jxtn) 


N.A. 


157(100-230) 


367(190-550) 


Fragments 


Tiny- around glomerus 


None 


None 


Shape 


Irregular 


Round 


Swollen, deformed 


Occlusion pattern 


Aggregation with thrombus 


Spaces among particles 


No spaces among particles 


Perivascular reaction 








Cellularity 


None 


Macrophages>lymphocytes 


Macrophages 


Internal elastic membrane 


Preserved 


Fragmented or disappeared 


Fragmented or disappeared 



PVA: polyvinyl alcohol 

EM: tris-acryl gelatin microsphere 

SAP-MS: superabsorbent polymer microsphere 

N.A.: not applicable 



Fig. 3. Group I. The arcuate artery was occluded by a PVA 
particle and thrombus formation. Note a single irregular-shaped 
particle does not occupy the whole vessel lumen. The arterial 
wall structure was well preserved without perivascular reaction. 
The surrounding renal parenchyma shows coagulative necrosis 
(EV stain, xlOO). 



these reactions, the internal elastic membrane (IEM) was 
variably fragmented or lost. Some macrophages 
infiltrated into the gelatin-coated layer of EM particles. 
The short-axis diameter of EM particles at the occlusion 
point ranged from 100 to 230 /urn, with a mean diameter 
of 157 fim. This tended to be within the injected particle 
size range (100-300 ^m). EM particles traveled distally 
into the level of the arcuate to interlobular arteries, and 
distributed homogenously and uniformly through the 
section. At the level between the interlobar and 
segmental arteries, they crowded proximal to the level 
of distal occlusion. 

In group III, SAP-MS particles were seen as a 
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Fig. 4. Group I. Unexpected tiny PVA fragments (arrows) 
migrated into or near the glomeruli (EV stain, x200). 



basophilic substance without membranous structure, and 
they contained multiple pores corresponding to the gas 
mixed during the manufacturing process. Compared with 
EM particles, SAP-MS particles did not reach more 
distally in the interlobular artery level. At the occlusion 
point, each single SAP-MS particle filled the cross- 
sectional vessel lumen tightly. In contrast to EM 
particles, swollen SAP-MS particles were markedly 
deformed and conformed to the vessel lumen without 
spaces among particles (Fig. 7). SAP-MS particles were 
closely apposed to the vessel wall and appeared to be in 
continuity with it. The vessel wall was circumferentially 
stretched with varying degrees of IEM thinning due to 
contact with the particles. In the renal cortex with 
incomplete infarction, mild foreign body reaction to 
SAP-MS particles was detected, and macrophages 
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Fig. 5. Group II. Embosphere particles occluded the interlobular 
artery in the infracted renal cortex. Each particle maintained 
the round shape and occupied the vessel lumen with spaces 
among particles. No perivascular reaction was seen around the 
particles (HE stain, x40). 




Fig. 6. Group II. An Embosphere particle occluded the 
interlobular artery in the renal cortex with incomplete infraction. 
The arterial wall structure was obscure and the internal elastic 
membrane was fragmented owing to the perivascular reaction. 
Single- or multinucleated macrophages were seen around the 
particle, and the gelatin-coat layer of the particle was partially 
infiltrated. Lymphocyte infiltration was also seen in the 
surrounding renal parenchyma (EV stain, x200). 




jte^-^-^^ ■ . * * ! — — — — ' 

Fig. 7. Group III. The arcuate to interlobular artery was 
occluded with SAP-MS particles. The swollen particles were 
markedly deformed and conformed to the vessel lumen without 
space left. The particles contained multiple pores in various sizes. 
The internal elastic membrane was preserved and stretched along 
the whole vessel. The surrounding renal parenchyma showed 
coagulative necrosis (EV stain, x40). 



infiltrated into the surface of SAP-MS particles (Fig. 
8). IEM was fragmented or lost around the SAP-MS 
particles, as observed in the case of EM particles. The 
degree of such perivascular reaction was not significantly 
different between EM and SAP-MS particles. The short- 
axis diameter of SAP-MS particles at the occlusion point 




Fig. 8. Group HI. An SAP-MS particle occluded an interlobular 
artery in the area with incomplete renal cortical infarction. The 
vessel wall structure was obscure and the surface of the particle 
showed irregularity because of mild perivascular reaction 
consisting of macrophages (HE stain, xlOO). 



ranged from 190 to 550 fim with a mean diameter of 
367 ^tm. This tended to be larger than the estimated 
particle size range injected (approximately 200-300 /im). 

Discussion 

PVA particles are generally irregular in shape, which 
results in unpredictable proximal vascular occlusion. 1,9 * 14 
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In our study, the hilar opacification on immediate 
angiogram represented PVA particle accumulation 
between the main renal and segmental arteries. A 
determined range of regular PVA particle size was 
used, but tiny fragments reaching the capillary level 
were noticed in all kidneys. The significant risk of 
these unexpected fragments has been mentioned 
previously, 12 including the risk of distal and non-target 
embolization. 

On the other hand, spherical embolic agents allow 
accurate grading and optimal geometric distal vessel 
occlusion. 15 Experimental studies have also demon- 
strated that spherical particles are more effective than 
others in achieving targeted vascular occlusion. 16,17 Both 
EM and SAP-MS have similar properties in that they 
are calibrated microspheres with smooth hydrophilic 
surfaces. They can be delivered easily through a 
microcatheter without clumping, and travel distally in 
the vessels. 5 " 7 ' 18 

According to the in vitro and clinical studies, EM 
penetrates more deeply into the vasculature than PVA 
particles and can be injected with less difficulty. 1618 " 20 
They lead to more effective blockage of the blood supply, 
as they reach vessels of their own size and may reduce 
the possibility of blocking non-targeted vessels. 

Although we used similar actual particle sizes, there 
was a remarkable difference in the degree of particulate 
penetration between PVA and both microspheres. 
However, these observations are similar to those of 
previous studies. 20 

Both EM and SAP-MS confine to the vascular lumen. 
EM specimens showed spaces left among particles, 
whereas SAP-MS showed no spaces left because it 
swells, deforms, and conforms to the vessel wall and 
other particles in the vessel. As the mean diameter of 
SAP-MS particles on cut section was larger than the 
injected size, we postulated that further swelling occurs 
in vivo after delivery. It expands gradually and stretches 
the arterial wall, leading to adequate, permanent 
occlusion of the vessels. The higher elastic property of 
SAP-MS particles is evidenced by their deformation 
according to the shape of the vessel lumen while 
maintaining their mechanical properties. This defor- 
mation does not affect the homogenous distribution of 
diameter size. This difference between EM and SAP- 
MS is probably caused by the different mechanical 
properties of the two materials in terms of surface 
structure, ability to swell, and deformability. SAP-MS 
particles maintained their mechanical integrity, and 
there was no evidence of particle fragmentation, arterial 
wall rupture, or extravascular migration of the particles 
caused by the swelling of SAP-MS particles after 
delivery. Their tendency to travel into vessels with 
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diameters approximating their own and to swell later 
with no spaces among them may lead to tight occlusion 
of the vessel lumen without distal or proximal migration. 
This ability of swelling with significant deformability 
will make SAP-MS clinically suitable for embolization, 
especially occlusion of peripheral arteriovenous 
shunting. 

The perivascular reaction to both EM and SAP-MS 
was similar. The mild foreign body reaction mainly 
consisted of macrophages and occasional lymphocytes, 
and it was associated with a variable degree of IEM 
disintegration. However, there was no evidence of actual 
vessel wall disruption. The vessel wall reaction might 
be due to the mechanical stretching or radial force of 
particle to vessel wall. Further investigations with long- 
term follow-up are needed regarding these changes and 
their clinical relevance. 

In conclusion, SAP -MS resulted in a similar degree 
of targeted end-organ infarction after renal artery 
embolization as EM and PVA. Both EM and SAP-MS 
distributed homogenously in the distal vessels with mild 
perivascular reactions. SAP-MS is more deformable and 
conformable with the vessel lumen than EM. Further 
investigation with long-term follow-up is needed to 
determine the pathologic and clinical implications. 
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Summary 

Tranccatrieteria! embolization of AVM in pancreas 

Pancreatic arteriovenous malformation is a rare dis- 
ease. Cases with portal hypertension used to have 
poor prognosis, but one was controlled by tran- 
scatheterial embolization using new embolic'materi- 
als : SAP-microshere and Liquid coil. These materials 
can reach close to niduses but never pass through 
them. 

Hiroyuki Kimura et al 
Department of Radiology 
Kansai Medical University 
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Pulmonary Mucormycosis in Diabetic Renal Allograft Recipients 
Latif S et al 
Am J Kidney Dis 29 : 461-464, 1997 
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A new deflectable superelastic cannula for 
interventions: die wSmart Guides 
A. MeW D. Stockel, A Winkcl. W. Triebe. R. Scibd 
MRI. Irbtimu of Diagnostic and Interventional Radii 
Wittent Htptecke, Mmeim/Ruhn Germany 

Purpose: Pc\uraneous punctures have a limited fact of freedom; 
during pcreutitacous Inset decompression of intervertebral discs, tor 
example, onlyrAnslaaon and rotation are possible. Our purpose was 
to increase the decree of freedom of the fonc/onal end of chc cannula 
to facilitate the access to important structures and increase the 

accessible volume. /,,.., ix l i 

Materials and Methods: Different materials (mtinol. steel) have been 
tested in vitro on pKantoms from animal tissues and organs. 
Subsequent to animal cadaver cxAvo experiments (pie and oxtail) 
and production by (Daum, ^ichwerin, Germany) the deflectable can- 
nula was used in ten CT-guic&f laser decompressions (six medio late- 
ral hemiarions of L4-L5 andyfoox L5-S I) after ^ informed written con- 
sent from the patienrs. Tyacce&jble volume and the laser ablation 
size have been evaluated and compared with disc decompression per- 
formed with the standard cannula. A patients underwent a previous 
MRI of the spine, tcw&ted 30 minutes\fter intervention arid 6 weeks 
after, together with /neurological examination after 3 and 6 weeks. 
Results) The besyfesults were achieved wrth a nitinol tube holded in 
an outer sleeve which, on protrusion, it recoVere its previous curvature 
of 90* of 15/mm radius curvature (18 gadjge)* The access to the 
intraspinal disc was facilitated and the canrfula could be placed 
directly irybthe center. The volume of laser ablilion in the disc can 
be increased of about 100%. Despite one bleeding^ich required no 
additional treatment, no complication occurred. \^ 

ions: Deflectable interventional cannula* can made from 
supereUsric nitinol The deflection of the distal end racJiates access, 
dps to prevent injuries of important structures and in creases the 
flume of laser ablation. Further improvement of the 
Jl s is required in terms of an easier control of its degree and orien- 
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er decompression of herniated lumbar intervertebral 
i under MRI-guidance / 

rlxer, Th, Bertsch. R. Seihel / . . 

...... ^Institute of Diagnostic and Interventional Radiology Uniotnity 

WittcnXHcrdeeke* MttlheimfRuhr, Germany 

Purpose: "Cl-guidcd laser decompression is an established treatment 
for contained disc herniation. Since MR ailoyfe multiplanar slice 
orientation, Niisplay of thermal changes and /water content of the 
intervcrtebraJ^sk without ionising radution, wc have developed 
MR-guided lase>. decompression. / 
Materials and Methods: Subsequent to afoiroal (oxtail) and human 
cadaver feasibility Studies of MRl'laser/pplication, sequences, slice 
orientation and patient position within a horizontal [ open 0.2 Tcsla 
MRI unit was workcd\put on volunteers .'In six patients, three men 
and three women, suffering from sciatica, with previous spinal MRI 
and proven contained dis\herniari6n (four at the level L4tL5 v and two 
at L5-SI), disc decompresVon /as performed in lateral prone posi- 
tion. Imaging of the disc ankche trajectory planning were performed 
prior lolocal anesthesia an& insertion of an- 1 8-Gauge titanium 
cannula (Daum, Schwerinj^efrnany). Puncture of the discs was per- 
formed under control ol/ 2-sec>breathbold gradient echo sequences 
in transverse sagittal and coronal\mentarions. The laser process was 
controlled by gradient echos. Po^imerventiona! examinations of 
Lasegues sign and suojective sensarionof the patient were used for the 
documentation o/ results. All paribus underwent neurological 
examination afte/ 3 and 6 weeks and \ spinal MRI was performed 
after 6 weeks. / \ 

Results: The/procedure was successfldly/Wmplcted in all patients. 
Localization^!" the needle position and jjlafcemenr within the spinal 
disc was ^possible. In addition to a moderate pain, no other 
complications occurred. The use of shiftea^echb gradient echo 
provides/the display of thermal changes. An improvement of up to 
80% o/ reduction of symprnrm was reoorted. 

fusions: Laser decompression of lumbar spinal discs hemiarion 
r ; MR is feasible bur slice positioning and temperature mapping, 
in particular, require further improvement. Ooto-eleVronic naviga- 
„ for interactive slice orientation and PC rxrtt-processing of 
cemperacurc irruigic* atv currently under development. 
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Management of advanced pelvic bone tumors by 
cransarteriai embolotherapy using SAP-Micros pheres. A 
preliminary report 

K. Osuga, S. Hori. *K. Nakanishi. "H.Y. Yoshikawa, — H. 
Nakamura 

Department of Radiology Rinku General Medical Center. ' 'Department 
of Radiology, Osaka Siemens Insurance Hospital *" Department of 
Orthopedic Surgery, and "'Radiology, Osaka University. Osaka, Japan 

Purpose* To evaluate the effectiveness of transarrerial embolotherapy 
in advanced pelvic bone rumors using superabsorbenr polymer micro- 
spheres (SAP-MS, sodium acrylate and vynil alcohol copolymer). 
Materials and Methods: SAP-MS is a spherical permanent embolic 
material which can tighdy occlude a vessel lumen by swelling after 
absorbing scrum within 5*10 minutes. The size of the particle can be 
selected in 50 micrometer steps. Between January 1996 and 
December 1998, five inoperable hypervascular pelvic bone tumors 
over 10 cm in cUameter (M:F*2:3; mean age = 62.9; metastases 3 
(RCC I. ureteral ca. 1, thyroid ca. U, giant cell tumor 1, osteosar- 
coma 1) were cmbolized transarterially in several sessions to improve 
the patients' daily life acxiviries (DLA). All patients had uncontroll- 
able skeletal pain. In three patients, chemotherapy or immunotherapy 
were not successful before TAIL SAP-MS (50-250 micrometer) mixed 
with ionic contrast material (Hexabrix 320) were injected through the 
mkrocatheter placed in each feeding artery. No antineoplastic agent 
was used in TAE. In all patients, dynamic MRI or CECT was 
performed before and after TAE to evaluate the embolic effects to the 
tumors. 

Results: Improvement of the DlA with pain relief was obtained in all 
patients without combined therapies. A reduction in the tumor size 
with necrotic changes was observed in three pariencs ai MRI or CT 
follow-up. No serious complications were found such as skin or 
muscle necrosis or rxripheraf neuropathy except for a small skin ulcer 
in a case with metastatic ureteral cancer. 

Conclusions: TAE using SAP-MS for advanced pelvic bone tumors 
eflfectively contributed to the improvement of patienrs* DLA. 



Diagnostic and therapeutic breast interventions using the 
ncwTdigxtai stereotactic breast puncture system Mammo- 
tomeP* 

E. Rindst, *P. Scheler, U. Meyer-Johann, *G, Hoffmann/ 
Department of Radiology and "Gynecology St, j/sefs Hospital, 
Wiesbaden\Gerrnany 

Purpose* Th\ new digital stereotactic breast puncture system 
Mammotomc™k provides a minimal invasive procedure for the 
removal of mamrnographically suspicious lesions and promises a new 
approach for the diagnosis and rheiapy/f breast lesions. Our study 
was" designed to evaluate this methpti with particular respect to 
resection of focal lesion 
Materials and Methodsi^ctvwoyjury 1998 und January 1999, we 
have performed 83 stereotactic Jweast interventions in 90 patients 
with mammographically suroidous lesions (ACR 2, 3 and 4) using 
the Mammotomc™ system.)* seven cases, the puncture could not 
be performed because theyfaions, identified by conventional film 
mammography, were nor/toualiaed by the Mammotomc™ digital 
imaging system. All mMtveniions were performed in prone position 
using an 1 1-G needleydnd local anes\hesia. In case of focal lesions, a 
complete resection w&anempred, wrtoeas in case of cUffuse lesions, 
we pursued the acquisition of representative tissue samples. After the 
intervention, a conventional film mammography was performed as 
wcU'aa* radiogracmy of chc accjuircd spcdmcW. 
Results: Betor/ intervention focal (46) or drfttse (37) lesions were 
rated as ACR/2 (six cases). ACR 3 (53) and ACR 4 (24). In 68 cases 
the lesion diameter was 2 cm or less. Reason for the intervention was 
microcalciftcation (64) and/or suspicious densV tissue (39) ot 
dcrangcr/fenr of the rissue structure (4). In focal (resp^cUfluse) lesions, 
27 (rese/ 5) complete resections and 19 (resp. 32) representative rissue 
sample were acquired. In two cases the intervention haa^to be stopp- 
ed because of bleeding. 
Conclusions: The digital stereotactic puncture systemN^Iammo- 
tope™ is useful for a safe and fast acquisition of representative rissue 
nples. A complete resection of focal lesions is however poAjble in 
y60% of cases only. This system is therefore a useful diagnostic but not 
/ a cherapeurie device. 
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lation and rotation are possible. Our purpose was 
;e of freedom of the functional end of the cannula 
:cess to important structures and increase the 

hods: Different materials (nirinol, steel) have been 
i phantoms from animal tissues and organs, 
nal cadaver ex vivo experiments (pie and oxtail) 
(Daum, Schwerin, Germany) the deflectable can- 
i CT-guided laser decompressions (six medio late- 
4-L5 and four L5-S1) after informed written con- 
nts. The accessible volume and the laser ablation 
iated-and compared with disc decompression per- 
oidard cannula. All patients underwent a previous 
^peated 30 minutes after intervention and 6 weeks 
a neurological examination after 3 and 6 weeks, 
esults were achieved with a nirinol tube holded in 
;h> on protrusion, it recovers its previous curvature 
radius curvature (18 gauge). The access to the 
is facilitated and the cannula could be placed 
nter. The volume of laser ablation in the disc can 
at 100%. Despite one bleeding which required no 
it, no complication occurred, 
actable interventional cannulas can be made from 
The deflection of the distal end facilitates access, 
tjuries of important structures and increases the 
>lation. Further improvement of the deflectable 
i terms of an easier control of its degree and orien- 
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Management of advanced pelvic bone tumors by 
transarterial emboiotherapy using SAP-Microspheres. A 
preliminary report 

K. Osuga, S. Hori, *K. Nakanishi, "*H.Y. Yoshikawa, H. 
Nnkamura t _ 

Department of Radiology, Rinku General Medical Center, Department 
of Radiology, Osaka Siemens Insurance Hospital ^Department of 
Orthopedic Surgery, and "'Radiology* Osaka University, Osaka Japan 

Purpose: To evaluate the effectiveness of transarterial cmbotochcrapy 
in advanced pelvic bone tumors using superabsorbent polymer micro- 
spheres (SAP-MS, sodium acrylate and vynil alcohol copolymer). 
Materials and Methods: SAP-MS is a spherical permanent embolic 
material which can tightly occlude a vessel lumen by swelling after 
absorbing serum within 5-10 minutes. The size of the parade can b* 
selected in 50 micrometer steps. Between January 1996 and 
December 1998, five inoperable hypervascular pelvic bone tumors 
over 10 cm in diameter (M:F=2:3; mean age = 62.9; metastases 3 
[RCe U ureteral ca. 1\ thyroid ca. 1], giant cell tumor 1, osteosar- 
coma 1) were embolized transarterially in several sessions to improve 
the patients' daily life activities (DLA). All patients had uncontroll- 
able skeletal pain. In three patients, chemotherapy or immunotherapy 
were not successful before TAE. SAP-MS (50-250 micrometer) mixed 
with ionic contrast material (Hexabrix 320) were injected through the 
microcatheter placed in each feeding artery. No antineoplastic^ agent 
was used in TAE. In all patients, dynamic MRI or CEC1 was 
performed before and after TAE to evaluate the embolic effects to the 

Iteidi Improvement of the DLA with pain relief was obtained in all 
patients without combined therapies. A reduction in the tumor size 
with necrotic changes was observed in three patients at MRI or CT 
follow-up. No serious complications were found such as skin or 
muscle.necrosis or peripheral neuropathy except for a small skin ulcer 
in a case with metastatic ureteral cancer. 

Conclusions: TAE using SAP-MS for advanced pelvic bone tumors 
effectively contributed to the improvement of patients* DLA. 



ssion of herniated lumbar intervertebral 
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d laser decompression is an escablished'treatment 
herniation. Since MR allows multiplanar slice 

r of thermal changes and water contcrit of the 
without ionising radiation, we have developed 

xompression. 

iods: Subsequent to animal (oxtail) and human 
itudies of MRI laser application, sequences, slice 
:ient position within a horizontal open 0.2 Tesla 
ted out on volunteers . In six patients, three men 
iuffcring from sciatica, with previous spinal MRI 
:d disc herniation (four at the level L4-L5'and two 
ompression was performed In lateral prone posi- 
: disc and the trajectory planning were performed 
;thesia and insertion of an 18-Gauge titanium 
hwerin, Germany). Puncture of rhe discs was per- 
rol of 12-sec. breathhold gradient echo sequences 
1 and coronal orientations. The laser process was 
"tent echos. Post-in ccrventio nal examinations of 
ubiective sensation of the patient were used for the 
J mi i.- - » 
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Diagnostic and therapeutic breast interventions using the 
new digital stereotactic breast puncture system Mammo- 
tome™ 

E. Rinast, *R Scheler, U. Meyer-Johann, *G. Hoffmann 
Department of Radiology and 'Gynecology, St Josep Hospital, 
Wiesbaden, Germany — 

Purpose: The new digital stereotactic breast puncture $5*^™ 
Mammotome™ provides a minimal invasive procedure for the 
removal of mammographically suspicious lesions and promises a new 
approach for the diagnosis and therapy of breast lesions. Our study 
was designed to evaluate this method with particular respect to 
resection of focal lesions. , 

Materials and Methods* Between July 1998 und January 1999, we 
have performed 83 stereotactic breast interventions in 90 patients 
with mammographically suspicious lesions (ACR 2, 3 and 4) using 
the Mammotome™ system. In seven cases, the puncture could not 
be performed because the lesions, identified by conventional film 
mammography, were not visualized by the Mammotome™ digital 
imaging system. All interventions were performed in prone position 
using an 1 1-G needle and local anesthesia. In case of focal lesions, a 
complete resection was attempted, whereas in case of diffuse lesions, 
we pursued the acquisition or representative tissue samples. After the 
intervention, a conventional film mammography was performed as 
«. i... .o .>. t ... : . 
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Experimental Studies of Segmental Hepatic Artery Embolization 
with a Super Absorbent Embolic Agnet 

Etsuo Inoue", Shinichi Hon 11 , Yoshifumi Narumi 1 ', Makoto Fujita" 

Shingo Ishiguro 2 ' and Chikazumi Kuroda" 
1) Department of Diagnostic Radiology, The Center for Adult Diseases, Osaka 
2) Department of Pathology, The Center for Adult Diseases, Osaka 

Research Code No. : 514.4 

Key Words : Embolization, Embolic material, Liver tumors 

Super absorbent (Sumikagel®) is a unique polymer mainly composed of polysodium acrylate 
(PSA). When PSA contacts water, it absorbs water and swells in a few seconds. This new embolic 
material suspended in Lipiodol (Lp-PSA), was used for hepatic artery embolization in five dogs. The 
purpose of this study is to examine the necrotizing effect of the new embolic material on segmental 
hepatic artery embolization. Gross liver examination demonstrated congestion and segmental 
infarction within the embolized area, and microscopically focal necrosis of liver parenchyma was 
observed. Segmental hepatic artery embolization with Lp-PSA should be an effective method of hepatic 
tumor embolization. 



ttirau 

-r-<0 2t|>5 7; 9 - ?WL£ft<?>m!Sl 

t&tt&X&mmcma.L, Lipiodol L 

zzk -efiK*:a«U6sa** ; «flr-e £ ft k n*. 



(Sumikagel®, N-1010) X; &g 
10~20/rtn©*£#&fe»*-ea* (Fig. 1). 
c o # V -r - tt, 8HHffMttic**0MK t , 5 

-iO0"ea*ftw**ic«*ft. «*-ei.ooo», 

ka*tt*-C80-100»OR*H^ **"f 2) . 

t l&v*. a* 

t*HR*tt# » Lipiodol fc#tfc& 
Lipiodol £#K:Atfrt*iK*i, Ifrffibfcfil-CK*. 

Lipiodol lml Xh 9 . B&tt lctt/B L fc -r -f * p 



¥«2^Ufl2SB 



(119) 



M WW *4 AW.^^J 111 V^AI^JIJ. 1 1 O 1 



P. 05/06 



1440 




Fig. 1 The sample of white powder of polysodium 
acrylate (PSA). 
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Fig. 2 a. Catheterization to the artery of the right anterior segment using a 2.5 
F microcatheter. A catheter tip (arrow), b. Cut specimen of the dog liver 
embolized with a 0.2ml/kg Lipiodol (Lp) + 1 .Omg/kg PSA revealed a segment 
of infarction with congestion (*). c. Micrograph (H.E.)*100. 48 hours after 
Lp-PSA injection. Necrosis of hepatocyte and sinusoidal congestion were 
obserbed. PSA (arrows) within sinusoid. Central vein (V). 
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